In the formation of muscle pattern, the architectural arrangement is believed to be controlled by the local connective tissue cells. In this study we examined the immunohistological localization of Type XIV collagen recognized by a monoclonal antibody, MAb DBM, in embryonic chick hind limbs from stage (St.) 27 to 2 weeks post hatching. DBM staining was transiently observed in the epimysium from St. 30, in the perimysium of the dorsal region from St. 37, and in the entire perimysium from St. 39. After hatching, DBM staining was notably diminished in both epimysium and perimysium. In contrast, DBM staining and in situ hybrid-
Introduction
Muscle formation occurs as a series of developmental events. Limb myogenic cells arise from the somites (Chevallier et al., 1977 (Chevallier et al., ,1978 Christ et al., 1977) . The cells migrate into the developing limb, proliferate, and eventually fuse to form multinucleated myofibers. Cells of the connective tissue lineage arise from somatopleure (Lance-Jones and Dias, 1991) . They contribute to the muscle patterning within the limb and from the cartilage, bone, and all fibrous connective tissues of the limb. Grafts of somites from any cephalocaudal level to the brachial level always result in a normal pattern of wing muscles (Chevallier et al., 1977) . When the anterior-posterior axis of the somatopleure is rotated opposite the incipient hind limb, the muscles within the corresponding portion of the limb develop in reversed anterior-posterior order (Lance-Jones and Dias, 1991) . These results show that muscle pattern formation is inherent in the connective tissue precursors rather than in the presumptive myoblasts (Lance-Jones, 1988; Mauger et al., 1983; Chevallier et al., 1978; Christ et al., 1977) . Although lit-' Supported by grants-in-aid for Scientific Research on Priority Areas from the Ministry of Education, Science and Culture of Japan.
Correspondence to: H. Tanaka. PhD, Div. of Developmental Neurobiology, Dept. of Neuroscience and Immunology, Kumamoto University Grad. School of Medical Sciences, Kuhonji 4-24-1. Kumamoto 862. Japan. ization signals for Type XIV collagen mRNA increased in the muscle connective tissues after denervation and around the regenerating muscle fibers. Therefore, Type XIV collagen expression appears to coincide with muscle activity and muscle regenerating conditions, and Type XIV collagen is considered to play roles in muscle development and regeneration. ( J Histochem Cytochem &: [907] [908] [909] [910] [911] [912] [913] [914] [915] [916] [917] [918] 1996) KEY WORDS: Chick embryo; Type XIV collagen; Muscle connective tissue: Monoclonal antibody; Immunohistochemistry; In situ hybridization; Denervation; Bupivacaine; Regeneration. tle is known about the precise mechanisms by which nonmuscle cells control muscle pattern formation, it is believed that molecules of the muscle connective tissue play a large role. Many adhesive molecules and growth factors of muscle connective tissue, such as NCAM, laminin, fibronectin, L1, J1 (Sanes et al., 1986 (Sanes et al., ,1990 . collagen Types I, 111, and V (Swasdison and Mayne, 1989; Shellswell et al., 1780) . TGF-PI (McLennan. 1793) . and proteoglycans (Fernandez et al., 1991; Lennon et al., 1991; Sanes et al., 1986) , have been investigated in regard to the mechanism of muscle pattern formation.
We have established a unique monoclonal antibody, MAb DBM. that stains the dorsal half of the spinal cord basement membrane (Hirano and Tanaka, 1994) . In this study we examined the localization of DBM in the chick embryo thigh muscle and found a transient and unique expression of the antigen during development. Furthermore, because we found that this antigen expression was increased by denervation and myositis induced by bupivacaine, it was considered that the DBM molecule, Type XIV collagen, might have roles in muscle pattern formation and regeneration followed by degeneration.
Materials and Methods
Chick thigh musculature was analyzed from embryonic stage St. 27 (Hamburger and Hamilton, l95l) , when premuscle and precartilage could be Preparation of Time. Fertilized White Leghorn eggs were incubated at 37.5.C until the desired stages of development. Hatched chicks aged 0 day. 2 days, 1 week. and 2 weeks were also included. We used more than three embryos at each stage. Embryos of stage (St.) 27 (Day 6). St. 28 (Day 14) . and chicks(O.2.7. and 14 days post hatching) were decapitated. Their thighs were embedded and frozen in OCT compound without fixation.
Chick (2 days post hatching) lowcr leg muscles were denervated by cutting the sciatic nerve trunk at the upper portion of the right thigh. Some chicks were cut in the right thigh skin and muscles to simply expox the sciatic nerve trunks. as control. Two weeks after denervation. chicks were decapitated and rheircrura were embedded and frozen in OCTcompound without fixation.
To induce repnerating muscle fibers, the soleus muscles of 2 -w k posthatching chicks were injected with 0.2 ml of bupivacaine (0.5%). and analyzed on Days 1. 3, 5. and 7 days after injection.
Transverse xctions of the mid-part of the thigh and crura were cut on a cryostat at 8 wm. mounted on gelatin-coated slides. and stored at -8o'C in an air-scaled box. They were then u x d for immunostaining. HE staining. and Azan staining. For high-magnification observation. some samples were fixed in 10% formalin for 4 hr and posfixed with ice-cold 95% cthanol/l% acetic acid for 6 hr. Tissues were dehydrated with ice-cold 100% ethanol for 1 hr and placed in 100% ethanol at rmm temperature (RT) in thigh muscle. Cross-sections through the thigh at St. 28 (Day 6) (A,E) and St. 29 (Day 65) (GD). Positive immunostaining by 13F4 corresponds to the muscle masses. lliotibialis lateralis preacelabularis (AIL) and ambiens (AMB). ilotibialis cranialis (IC), AIL and femomtibialis (n). ilotibialis lateralis postacetabularis (PIL) and iliofibularis (IF) have been cleaved (E). At this stage we cannot recognize the epimysium clearly. DBM staining is seen in the skin ectoderm, around t h e FT, in the cleaving area among AIL, IC. and FT, and in the area near the pubo-ischio-femoralis pars (PIF). MAb DBM stains the periphery of the cartilage elements in the dorsal half (A). At high magnifications, DBM staining associated with same mesenchymal cells and fibers can be seen (C) . 13F4 stains cells in the muscle mass (right half) and the nuclei of mesenchymal cells in polyester wax sections (D). Bars: A,E I 0.5 mm; C,D I 25 mm. Figure 3 . Distribution of the DBM (A), NCAM (e). and collagen Type VI (C) antigens in thigh muscle. Cross-section through the mid-thigh region after muscle cleavage at St. 30 (Day 7). All muscles are distinct at this stage. and the spatial arrangement of the muscles is similar to that in the adult. AIL, iliotibialis lateralis preacetabularis; IC. iliotibialis cranialis; AMB. ambiens; PIL, iliotibialis lateralis postacetabularis; IF, iliofibularis; FT. femorotibialis; PIFL. publ-ischiofemoralis pars lateralis; PIFM. pubo-ixhio-femoralis pars medialis; FTE. femorotibialis externus; FTM. femorotibialis medialis; FCLP, flexor cruris lateralis pars pelvica. Anti-NCAM Stains myotubes and nerve trunks ( a m ) (B). The distribution of MAb DBM :mmunostaining is in the epimysium or connective tissue sheath surrounding each muscle, in dermis, nerve trunks. and periphery of the cartilage. Some scattered reactivity is detected within the muscle. DBM staining is stronger in the dorsocaudal part than in the ventrocranial part of the thigh (A). Type VI collagen is present in the dermis, mesenchymal connective tissue around the muscle areas, and periphery of the cartilage elements (C). Bar = 0.5 mm.
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for 30 min. Then tissues were placed in 50% ethanol and 50% polyester wax (Steedman. 1957) for 1 hr at 40'C and in 100% polymer wax for 1 hr at 40'C. The tissues wcrc embedded in polyester wax and sectioned at 3 pm.
After dcwaxing three times with 100% ethanol. sections were stained with antibodies in same way as for frozen xcrions.
Antibodies. The anti-chick Tvpc XIV collagen MAb (IgG) DBM was obtained from a m o u x immunized with E6 chick embryo spinal cord membrane fraction in combination with immunohistochemical screening. An anti-chick collagcn Type I polyclonal antibody (rabbit I&) was from Chemi- Immunohistochemistry. Sections were warmed to RT and rehydrated in PBS. Unfixed sections wcrc fixed for 30 min in 10% formalin i n PBS.
To unmask an cpitopeof antigen. required sectionswcrc digested with 300 pI of protcase-frcc chondroitinasc ARC (Scikagaku Kogyo; Tokyo. Japan) at 0.1 Ulml or 0.5 Ulml in PBS for 30 min. hyaluronidvc (Sigma; St Louis. MO) 500 U l m l or 1000 Ulml in PBS for 20 min at 37'C. and then washed with PBS. All xctions wcrc treated with 0.3% H202 to inactivate endogenous pcroxidasc, wvhcd with PBS rhrcc times for 5 min each, blocked with 10% skim milk in PBS for 40 min. incubated with primary antibody for 1 hr at RT. washed with PBS three times for 5 min each. incubated with biorinylated secondary antibody. and then reacted using the ABC method (Vcctastain; Vector Labs. Burlingame. CA). reaction mix containing 0.83 mM digoxigenin-1-UTP (Boehringer; Mannheim. Germany).
A m
In situ hybridization was performed by the modified method of Cox et al. (1984) . Cryosections 10 pm thick were placed on silanized slides (Dako: Carpinteria. CA) and dried immediately at RT using a hair dryer. They were then fixed in 4% paraformaldehydelPBS for 15 min. Sections were digested with 1 pglml proteinase K for 10 min at 37'C. Hybridization was carried out for 16 h at 55°C in 50% formamide. 0.6 M NaCI. 10 mM Tris-HCI (pH 7.4). 1 mM EDTA, 0.2 pglml transfer RNA, 1 x Denhardt's, 10% dextran sulfate, 0.2 mglml sodium heparin, containing 1 pglml digoxigenin-labeled chick Type XIV collagen RNA probe. Sections were washed with 0.1 M NaCl containing 0.1 M Tris. pH 7.5. 50 mM EDTA, and 0.1% Tween-20 (washing solution). then digested with 50 pglml RNAse A in washing solution at 37°C and washed again. The sections were incubated in 10% hear-inactivated sheep serum (Sigma) in TBST (0.1 M NaCI, 0.15 M KCI. 25 mM Tris. pH 7.5. 0.1% Tween-20) with 2 mM levamisole HCI for 1.5 h. then incubated overnight at 4'C in a 1:lOOO dilution of alkaline phosphatase-conjugated anti-digoxigenin anti body (Boehringer). The antibody was absorbed against E5 chick embryo fragments before use. An alkaline phosphatase-mediated color reaction was performed using 333 pglml 4-nitroblue tetrazolium chloride (Bbehringer) and 165 pg/ml 5-bromo-4chloro-3-indolyl phosphate (Boehringer). The reaction was carried out overnight at RT and was stopped by washing in PBS containing 5 mM EDTA. Specimens were photographed in 80% glycerol and 20 mM EDTA in PBS.
Immunoblotting. Thighs of El0 embryos without femurs and other osteal elements were homogenized in the same volume of PBS containing 1 mM phenylmethylsulfonyl fluoride (PMSF) and 3 mM EDTA in an ice bath and were centrifuged at 15.000 rpm for 30 min at 4°C. Ammonium sulfate was added to the supernatant 10 make up a final concentration of 33%. This was kept in an ice bath for60 min and then centrifuged at 15,000 rpm for I5 min. The precipitate was resolved and dialyzed in the homogcnizing buffer and then stored at -80°C. For purified DBM protein. the hydroxyapatite column fraction eluted between 0.25-0.34 M phosphate buffer was used (see below). To examine the effect of collagenase, collagenase (Sigma Type VII) that was substantially free of nonspecific protease and clostripain. according to the specifications, was added to the supernatant from a stock solution of 5000 Ulml in PBS conraining 1 mM CaCIl to a final concentration of 12.5 Ulml. After incubation at 37'C for 20 min it was used for immunoblot analysis.
The supernatant and the sample treated with collagenax were suspended in SDS-PAGE sample buffer containing 5% 2-mercaptoethanol. boiled for 2 min. and separated by SDS-PAGE (7.5% acrylamide). The proteins were electrophoretically transferred onto nitrocellulose filters. The filters were blocked overnight at 4-C with 10% skim milk in PBS and incubated with primary antibodies. culture supernatant of MAb DBM. Filters were washed in PBS and incubated with 1:250 diluted alkaline phosphatase-conjugated anti-mouse IgG (Zymed; Richmond, CA) for 1 hr at RT. After washing. the immunoreactive proteins were detected using 333 pglml 4-nitrobluc 6 A C Figure 6 . Cross-section through t h e mid-thigh region at hatching day. Distribution of the DBM antigen (A,D). collagen Type VI @,E). and fibronectin (C,O in thigh. Distribution of DBM is seen in the epimysium, the perimysium of the muscles in the dorso-caudal part of the thigh (A), nerve trunks (nt) and tunica adventitia of the blood vessels (bv) (D). Anti-Type VI collagen stains the epimysium, perimysium (E), and endomysium of all thigh muscle. nerve trunks, and blood VeSSelS (E). Anti-fibronectin stains a part of the epimysium, capillaries, tunica interna of the blood vessels, nerve trunks, and interstitial spaces of muscle fibers ( C f ) . Bars: A-C = 0.5 cm; D-F = 0.2 mm. tetrazolium chloride and 165 pg/ml5-bromo-4-chloro-3-indolyl phosphate in 100 mM Tris-HCI (pH '9.5). 100 mM NaCI. and 5mM CaC12. The reaction was carried out for 15 min at RT.
Purification and Determination of Amino Acid Sequence. Approximately 1.0 kg of ElO-El2 whole chick embryos was homogenized in PBS containing 10 mM EDTA and 1 mM PMSF. The homogenate was centrifuged at 3000 x g for 10 min and then the supernatant was centrifuged at 100.000 x g for 1 hr. The supernatant was precipitated with ammo-nium sulfate. The fraction between 15-20% of ammonium sulfate was resuspended and dialvzed against 10 mM Tris buffer, pH 7.4, with 0.3 M NaCI. applied roan ion exchange column, HiTrap Q (Pharmacia; Uppsala, Sweden). The elution with 0.35 M NaCl in the same buffer was recovered. dialyzed against 10 mM phosphate buffer. pH 6.8. and applied to a hydroxyapatite column (Bio-Rad; Richmond, CA). The column was washed with 0.5 M NaCl in 10 mM phosphate buffer and then eluted with a graded concentration of phosphate buffer. The fraction eluted between 0.25-0.34 M phosphate buffer was recovered. concentrated with Ccntriprcp 100 (Ami-IDNO-OKA. TANASE, MIIKE, TANAKA 7A C Figure 7 . Distribution of the DBM antigen (A,D). collagen Type VI @,E). and fibroneclin (C.F) in a cross-section through the mid-thigh region at 14 days after hatching. Distribution of DBM is seen only in a proximal part of the epimysium, the periphery of the femur, nerve trunks (nt). and blood vessels (bv) (AD). AntiType VI collagen strongly stains the epimysium (ep). perimysium (pe) (E). endomysium (en), nerve trunks. and blood vessels (E). Anti-fibronectin stains capillaries, tunica interna of the blood vessels, nerve trunks. and interstitial spaces of muscle fibers (C.F). Bars: A-C -0.5 cm; 0-F = 2.5 mm. con). and then applied on SDS-PAGE of6% slab gel. The W O MAb DBMpositive bands were cut our from the gel and eluted by a Centrilutor (Amicon). The recovered protein of 0.26 mg for the higher molecular weight band and 0.19 mg for the lower one, approximately 200 KD. was obtained from 850-g chick embryos. treated with pyridil erhyl amine. Then 2 mg lysylendopeptidase (Wako: 0saka.Japan) was added and kept for 12 hr at 37'C. The dimred samples were applied on a Capcell-Pak C8 HPLCcolumn (Shiseido) equilibrated with 01.% trifluoroacetic acids solution containing 5% acetonitrile and were eluted by a linear gradient of acetonitrile. The peptide peaks to bc analyzed wcre collected. dried, and subjected to amino acid sequence analysis by an automated peptide sequcnator (Applied Biosystems; Foster City. CA).
Results

~~j~~ structures in
Weconcentrated on the majormuxleconnKtiW time. epimysium. perimysium, and endomysium, in this study. Epimysium is the con-~~~~l~ nective tissue matrix that separates individual muscle masses. Perimysium is the matrix that separates groups of myofibers (fascicles) within an individual muscle. Endomysium is the extracellular matrix found between myotube clusters within an individual fascicle (Figure 1 ). Both the epimysium and the endomysium are present at St. 30 and later. However, the perimysium begins to be histologically identifiable from St. 37 in the dorsal part of the thigh. The immunohistochemical analyses of these connective tissues and other parts of the thigh at each embryonic stage and posthatching day are described here, using MAb DBM (anti-Type XIV collagen antibody) and antibodies against known extracellular matrix molecules. Furthermore, denervation changes and regeneration changes followed by degeneration are analyzed by immunohistochemistry and by in situ hybridization for Type XIV collagen mRNA.
Lim 6 Staining Patterns
Stage 28 (Embryonic Day 6). At this stage, muscle cleavage begins (Schroeter and Tosney, 1991a, b) . Cleaving muscle is identifiable by immmunostaining with MAb-13F4, which stains limb myogenic cells from St. 23 ( Figure 2B ) (Rong et al., 1987) . Indentation or tapering of muscles is seen among iliotibialis lateralis preacetabularis (AIL), iliotibialis cranialis (IC), and ambiens (AMB) and among iliotibialis lateralis postacetabularis (PIL), iliofibularis (IF), and femorotibialis (FT). At this stage the epimysium cannot be clearly recognized by light microscopy. There are indications of DBM staining in the skin ectoderm, around the FT, in the cleaving area among AIL, IC, and FT, and in the area near the pubo-ischiofemoralis pars (PIF) (Figure 2A ). DBM staining is also observed in the mesenchymal cells interspersed in the condensations. DBM stains the periphery of the cartilage elements in the dorsal half. Figures 2C and 2D are high magnifications of the immunostaining with DBM and 13F4 in a part of the AIL and its ventral area at St. 29 (Day 6.5). DBM stains some mesenchymal cells and fibrous structures outside of the muscle mass ( Figure 2C ). 13F4 nonspecifically stains the muscle cells (right side of Figure 2D ) and all of the nuclei ( Figure 2D ). Nuclei are not stained in frozen sections, although in wax sections nuclei of all types of tissues are stained with 13F4 (Rong et al., 1987) . Day 7) . Anti-NCAM stains myotubes and nerve trunks in the embryonic muscle (Sanes et al., 1986 ) ( Figure  3B ). Muscle cleavage has been completed and the individual muscles are clearly distinct. They display a spatial arrangement similar to that found in adults.
Stage 30 (Embryonic
The distribution of DBM immunostaining is seen in the connective tissue sheath surrounding each muscle, which is presumably developing epimysium. Staining is also observed in the dermis, the periosteum of the femur and its surrounding tissues, some mesenchymal cells, and nerve trunks ( Figure 3A) . Some scattered reactivity is detected within the muscles, but it is restricted to the elongated mesenchymal cells (not shown).
Type VI collagen is present in the dermis, mesenchymal connective tissue around the muscle areas, and in the periphery of the cartilage elements ( Figure 3C ). This staining pattern is similar to the DBM immunoreactivity at this stage. Staining patterns of anticollagen Type I, 111, and V are similar to those previously described (Swasdison and Mayne, 1989; Shellswell et al., 1980) . Stage 37 (Embryonic Day 10). DBM staining appears in the perimysium at the same time as its formation in the PIL and the flexor cruris lateralis pars pelvica (FCLP). Weak staining also appears in the IF. Staining of the epimysium becomes more distinct (Figure 4) . We confirmed the formation of collagenous fibers corresponding to the perimysium by azan staining.
Stage 38 (Embryonic Day 12). DBM staining is seen in the epimysium and the perimysium in the dorsal part of the thigh muscles derived from the dorsal muscle mass. It is also seen in the periosteum of the femur, nerve trunks, tunica adventitia of the blood vessels, and very weakly in the perimysium of the ventral muscle group; PIFL and PIFM ( Figures 5A and 5C ). Perimysium in the ventral muscles is stained with Type VI collagen ( Figure 5B ). Endomysium is clearly stained by Type VI collagen ( Figure 5D ), whereas it is partially and very weakly stained by DBM ( Figure 5C ). Antifibronectin staining is positive in capillaries, blood vessels, nerve trunks, and interstitial spaces of muscle fibers, but it is not clear in this stage (not shown).
The final spatial arrangement of the thigh muscles is achieved (Drushel and Caplan. 1991) . DBM staining in the ventral muscle becomes clearly positive at St. 39. digested samples were separated by a reversed-phase column and the peptide peaks to be analyzed were collected, dried, and sub-Hatching Day. Positive immunostaining of DBM begins to weaken at this stage. It can be seen in the epimysium and a part of the perimysium in the dorsal and caudal part of the thigh, especially in the PIL, IF, FCLP, and flexor cruis medialis (FCM) ( Figure  6A ). It is also seen in the connective tissue of nerve trunks and tunica adventitia of the blood vessels ( Figure 6D ). Anti-Type VI collagen stains the epimysium, perimysium ( Figure 6B ). and endomysium of all thigh muscles, nerve trunks, capillaries, and the blood vessels ( Figure 6E ). Anti-fibronectin stains a part of the epimysium, capillaries, tunica interna of the blood vessels, and nerve trunks ( Figure 6C ). Under high magnification, DBM staining is clear in the tunica adventitia of the blood vessels and fibronectin staining is intense in the tunica interna of the blood vessels ( Figure  6F ). Anti-collagen Type I and I11 MAbs show similar immunoreactivity to that of Type VI (not shown).
Two Weeks Post Hatching. At this stage, the DBM immunostaining in the epimysium becomes very weak and staining is completely absent in the perimysium. It is restricted to the periosteum of the femur and its periphery, the nerve trunks, and the tunica adventitia of the blood vessels ( Figure 7A) . Moreover, immunoreactivity in nerves and blood vessels becomes weaker ( Figure 7D ) than that of the hatching day ( Figure 6D ). There is no difference in immunoreactivity after digestion with chondroitinase ABC or hyaluronidase. Therefore, the disappearance of DBM staining does not appear to depend on masking of the epitope. Anti-Type VI collagen stains the epimysium, the perimysium, and the endomysium clearly, as well as the nerve trunks and the blood vessels ( Figures  7B and 7E) . Anti-collagen Type I and I11 stain all of the epimysium and perimysium (strongly), endomysium (very weakly), and capillaries, blood vessels, and nerve trunks. Anti-fibronectin stains capillaries, the tunica interna of the blood vessels, nerve trunks, and interstitial spaces of muscle fibers (Figures 7C and 7F) . At this stage, fibronectin staining is very clear in the epimysium.
The appearances of DBM and Type VI collagen in epimysium, perimysium and endomysium during myogenesis are shown in Table 1 . jected to amino acid sequence analysis.
We analyzed the amino acid sequences from four peptide peaks of a 4 0 0 -~D band and then two peaks of a 210-KD band that eluted at the identical position of the reversed-phase column of a 400-KD band. Ten amino acid sequences were obtained. They were identical to those predicted from the cDNA of the chick collagen Type XIV (Gerecke et al., 1993; Walchli et al.. 1993) . No sequences were identical to those of collagen Type XII. These results clearly indicate that the MAb DBM antigenic molecule is chick collagen Type XIV. Two amino acid sequences that eluted at the identical position of the reversed-phase column of the upper and lower bands were identical with those expected from chick Type XIV collagen cDNA (Figure 9 ). The purified upper or lower band migrated as two bands of approximately 210 KD and 400 KD on SDS-PAGE. These results suggest that the components of both the upper and the lower band are identical. These results clearlv indicated that the MAb DBM antigenic molecule is chick collagen Type XIV.
Denervationand Bupivacaine -induced Degenerative Changes
Several molecules expressed transiently in the muscle during development are known to reappear after denervation. NCAM and
t-200
Characterization of the DBM Antigen
The whole chick embryo and thigh preparations show bands of DBM at 210 KD and a larger one by immunoblot analysis under reducing conditions (Figure 8 , Lanes 1 and 2). Without reducing agents, DBM antigenic molecules are aggregated and do not enter the separation gel. After treatment with collagenase, DBM displays bands with a molecular weight of approximately 180 KD (Figure 8, Lane  3) . These features of the DBM antigenic molecule are consistent with those reported with Type XIV and XI1 collagens (Nishiyama et al., 1994; Walchli et al., 1993 Walchli et al., , 1994 Brown et al., 1993; Aubert-Foucher et al., 1992) .
We analyzed whether the DBM antigen is Type XIV or XI1 collagens or some other molecule. The antigen was purified from a soluble fraction of E10-El2 whole chick embryos. Proteins of both 210 KD and 400 KD were eluted from the SDS-PAGE gel, treated with pyridil ethyl amine, then treated with lysylendopeptidase. The Note that amino acid sequences of two peptides from the 400-KD and 210-KD bands are identical to that expected from chick Type XIV collagen cDNA. g N-cadherin (Hahn and Covault, 1992; Sanes et al., 1986 ) are reported to be strongly reexpressed 1 week after sciatic nerve denervation. We examined whether Type XIV collagen expression in the muscle connective tissue was also changed by denervation. Epimysium, one of the major muscle connective tissues, becomes somewhat thick and is clearly stained with MAb DBM at 2 weeks after denervation (Figure lo) , whereas the control side shows almost no DBM staining except the nerve trunks ( Figure 10B ). We could confirm the denervation change of DBM immunostaining by in situ hybridization to Type XIV collagen mRNA. The signals are clearly observed in the epimysium, perimysium, and endomysium of the denervation side ( Figure 1OC) but not in the control side ( Figure 10D ). Because DBM staining remained at 2 days post hatching, when the sciatic nerve was cut, DBM immunoreactivity is sustained and enhanced rather than simply reappearing after denervation.
Furthermore, both the DBM stainings ( Figure 10F ) and the signals of Type XIV collagen mRNA ( Figure 10G ) can be seen at the sites where bupivacaine-induced muscle regeneration has occurred ( 5 days after bupivacaine injection). A negative control using sense strand probes does not show signals ( Figure 10H ). The HE staining shows the obvious cellular infiltration and the characteristic regenerating muscle fibers, the nuclei of which are located in the center of the fibers (Figure 1OE) . DBM staining is seen around the regenerating fibers, and signals of Type XIV collagen mRNA are seen at the small cells next to the regenerating fibers and in the large connective tissues of the degenerating area. These signals appear 3 days after bupivacaine injection, when the first regenerating muscle fibers can be recognized (Miike et al., 1984; Ishiura et al., 1983; Miike 1983; Stygall et al., 1979) .
These results suggest that the production of Type XIV collagen might be regulated by muscle activity, as shown for NCAM and N-cadherin expression and in muscle regenerating conditions, and that it might have roles in muscle development and regeneration followed by degeneration.
Discussion
In this study, we found that Type XIV collagen expression in the muscle is transient during chick hind limb myogenesis and is also changed by denervation and regeneration followed by degeneration. Two weeks after denervation of major muscle connective tis-sues, the epimysium is clearly stained again with MAb DBM. The signals of Type XIV collagen mRNA detected by in situ hybridization are clearly observed in the epimysium after denervation. Those signals can also be seen at the sites where bupivacaine-induced muscle regeneration occurs, from the time at which regenerating fibers appear. These observations suggest that the production of Type XIV collagen might be regulated by muscle activity and by muscle regeneration conditions, and that type XIV collagen might play some roles in muscle development and regeneration.
Vertebrate muscle tissue consists of two components: unior multinucleate muscle cells and connective tissue cells. The muscle cells and their satellite cells are of somitic origin, whereas the connective tissue cells and the tendinous cells are derived from the somatopleural mesoderm (Lance-Jones and Dias, 1991; Lance-Jones, 1988; Wood et al., 1988) . It has been reported that the shape of the muscle may be established within the connective tissue in the absence of muscle cells (Lewis et al., 1981) . Myogenic precursors within the somite are not predetermined to form particular muscles (Mauger, et al. 1983 ). Furthermore, when the anterior-posterior axis of the somatopleure is rotated in the opposite direction to the incipient anterior hind limb, the muscles within the corresponding portion of the limb develop in reversed anterior-posterior order (Lance-Jones and Dias, 1991). All these observations suggest that the connective tissue formed by mesenchymal cells is very important in muscle pattern formation.
The major muscle connective tissues are epimysium, perimysium, and endomysium. They are composed of collagenous and elastic elements and, where they are thinly distributed, fibroblasts, macrophages, and fat cells are present and there are many molecules believed to be important for myogenesis and muscle functions, such as collagen, proteoglycan, laminin, and fibronectin.
We analyzed the expressional changes in Type XIV collagen together with other collagens, Types I, 111, and VI, antibodies for which are available. The distribution in the connective tissues of Types I and 111 is identical, as already reported (Swasdison and Mayne, 1989; Shellswell et al., 1980) . Type I collagen was observed in the perimysium but only faintly in the endomysium, and Type 111 collagen was present in the endomysium and perimysium. Type VI collagen was found in all connective tissue partitions of skkletal muscle (Swasdison and Mayne, 1989) . At early developmental stages, the distribution of Type VI closely resembles that of Type XIV collagen. Recent studies have shown that Type XIV collagen has some binding affinity for Type VI collagen in assays of in vitro protein binding (Brown et al., 1993) .
Type XIV collagen is a FACIT (fibril Associated Collagens with Interrupted Triple helices) collagen (Shaw and Olsen, 1991; vander-Rest and Garrone, 1991) . FACIT collagens include collagens Types IX, XII, XIV, XVI, and XM (Myers et al., 1994; Castagnola et al., 1992) and may serve as molecular linking devices between fibrillar collagens and other extracellular matrix macromolecules (Shaw and Olsen, 1991; van-der-Rest and Garrone, 1991) , but their functions are largely unknown. Among known collagens, Type XI1 collagen most closely resembles Types XIV collagen in structure. (Nishiyama et al., 1994; Aubert-Foucher et al., 1992; Yamagata et al., 1991) . With Western blotting assay, Types XIV and XI1 collagen show the same molecular weight bands. However, amino acid sequences indicate that the MAb DBM antigenic molecule is chick collagen Type XIV. Type XI1 collagen is also transiently expressed in muscle connective tissues, but its expression is earlier than that of Type XIV collagen and the distribution is different (Walchli et al., 1994) . Therefore, the transient expression of these FACIT collagens indicates that they may modulate the architecture of extracellular matrices.
In muscle tissue, several molecules are known to change their temporal and spatial expression during development. Immunostaining with MAbs to the core proteins of dermatan sulfate proteoglycan and the core proteins of chondroitin-6-sulfate proteoglycan exhibit a sequential or coordinated appearance of epitopes, first in the epimysium, then the perimysium, and finally in the endomysium in chick embryos (Fernandez et al., 1991) . A putative mesenchymal proteoglycan core protein is detected at St. 39 in both epimysium and perimysium but is not detected in the endomysium until St. 43. Keratan sulfate antibody immunostains epimysium at St. 39 and perimysium at St. 46 but is never detected in the endomysium. These expression patterns are very similar to that of Type XIV collagen. Although the Type XIV collagen expression disappears from the thigh 2 weeks after hatching, these molecules do not disappear from each of the extracellular matrix zones (Fernandez et al., 1991) .
N-cadherin shows transient expression in the myotubes during chick embryogenesis. It is expressed by developing myotubes during the period of initial nerve-muscle contract but is downregulated within days of innervation. Denervation leads to increased expression of N-cadherin in muscle fibers (Hahn and Covault, 1992) . Transient expression of molecules during muscle development can also be seen in muscle membrane. NCAM is abundant on myotubes and intramuscular nerves in early embryonic muscle but is present at low levels in normal adult muscle (Sanes et al., 1986 ) and is considered to have roles in myoblast fusion and motor neuron inner-vation. a@1-integrin, a laminin and collagen receptor, is expressed on myogenic precursors and in differentiating muscle, and then disappears from skeletal muscle cells as they become contractile (Duband et al., 1992) . Although the exact functions of these molecules expressed transiently on the connective tissues and muscle cells during muscle development have not yet been determined, such dynamic expressional changes suggest that both they and Type XIV collagen must have important functions.
In addition, Type XIV collagen staining of the perimysium, appears from the dorsal part of the thigh, especially in the iliotibialis postacetabularis, then spreads to the ventral side, whereas Type XIV collagen staining in the ventral side is weak and disappears first. In the spinal cord, Type XIV collagen staining appears only in the dorsal aspects of the spinal cord basement membrane. These results suggest that there is some regulation of the Type XIV collagen expression along the dorso-ventral axis of the embryonic body.
In this study, since Type XIV collagen shows spatially and temporally unique distributions, we postulate that Type XIV collagen might have roles in muscle development and regeneration. Purified protein and bioassays will make it possible to determine the biological functions of Type XIV collagen precisely. 
